Background and Objectives: Hybrid-natural orifice surgery combines the advantages of traditional transabdominal laparoscopic surgery, while limiting surgical trauma to the abdominal wall. Among various routes of intra-abdominal access, the transvaginal method is most appealing because of its utility and proven safety. We describe a series of 4 colonic resections performed with this approach, combined with minilaparoscopy and needlescopic approaches, and discuss the technical aspects, efficacy, and applicability of this technique.
INTRODUCTION
Natural-orifice transluminal endoscopic surgery (NOTES) is a continually evolving field in gastrointestinal surgery and has significant potential to improve patient outcomes. Pure NOTES (total avoidance of abdominal incisions) procedures have been performed for cholecystectomy, appendectomy, ventral hernia repair, and colectomies, among others. There is evidence to suggest improved cosmesis, 1,2 without significant added morbidity or adverse effect on outcomes. Anecdotal evidence points toward a reduction in postoperative pain, but this outcome has not been proven in a randomized trial. 3 In standard transabdominal laparoscopic surgery, the specimens must be removed through an extended incision. NOTES procedures avoid this limitation, helping to obviate the risk of wound infection and incisional hernia. Pure NOTES, however, brings with it limitations of access and loss of triangulation.
Natural orifice specimen extraction (NOSE) can be used as an adjunct to conventional transabdominal laparoscopic procedures and has been shown to be safe and effective in several case series in the literature using the transvaginal, transrectal, transanal, or transgastric routes. 4, 5 Transvaginal access to the abdomen and pelvis was described and used routinely by gynecologists long before the advent of laparoscopic surgery. 6, 7 After the description of transvaginal access for specimen extraction over 20 years ago, contemporary data demonstrating its safety and validity for this purpose continue to emerge. 8 advantages of transabdominal incisions, such as visualization and triangulation, while allowing these incisions to be minimized by virtue of the natural-orifice port and specimen extraction. The abdominal incisions can be minimized further with the use of minilaparoscopic and needlescopic instruments, with potential synergy from using this combination of approaches. In comparison to NOSE and pure NOTES in colorectal surgery; however, the literature surrounding hybrid NOTES is confined to very small case series; hence, a standardized operative approach is yet to be proposed and further data are needed to assess potential benefits.
We report a series of 3 hybrid transvaginal NOTES right hemicolectomies and 1 segmental resection of splenic flexure carcinoma performed by a single surgeon at our institution. Although the initial intent was to confine our series to right hemicolectomies, the significant comorbidities, advanced age and frailty of a patient with splenic flexure carcinoma were such that the most minimally invasive approach possible was vital. The patient was therefore included in this series and presents interesting considerations for discussion.
METHODS
Four suitable elective patients were identified ( Table 1) . Informed consent for potential use of the transvaginal approach was obtained in each case, the criteria being female gender, intact uterus, limited abdominal surgical history, and normal body mass index (BMI). Vaginal examination to assess suitability and safety of this route of access was performed on-table. The surgeon had 12 years of experience in laparoscopic colorectal resections and had been performing selected NOSE procedures in these for more than 2 years, initially in conjunction with a gynecologist. Surgeries were performed between 1 April and 11 May, 2016.
All patients were positioned in the lithotomy position. Skin preparation was performed using 70 -1% alcoholchlorhexidine solution for the abdomen, and 10% povidone-iodine solution for the vagina. In all cases, pneumoperitoneum was established by a through-umbilicus open cutdown technique with an Applied Medical (Rancho Santa Margarita, California, USA) 5-mm Kii Balloon Blunt Tip port. Two further transabdominal access sites were added, in which a variable combination of access ports was used: a Teleflex MiniLap Clutch percutaneous 2.3-mm grasper; Karl Storz (Tuttlingen, Germany) 3.5-mm port; or a 5-mm Versaport Bladeless Trocar (Covidien-Medtronic, Minneapolis, Minnesota, USA) ( Table 2) .
In all cases, transvaginal access was achieved by the method described by Clark et al. 9 The posterior lip of the cervix was grasped with a Teale-Vulsellum (INKA Surgical Instruments, Jandakot, Western Australia) forceps and retracted anteriorly. Two 0 Vicryl (Ethicon, Somerville, New Jersey, USA) stay sutures were placed in the posterior fornix at either end of the wound, using a Finochietto needle holder which aided in visualization and closure. A small transverse posterior colpotomy was then performed with diathermy dissection, and a VersaStep Plus Long Insufflation/Access Needle with Radially Expandable Sleeve (Medtronic-Covidien) was introduced under direct laparoscopic vision, followed by insertion of the matching VersaStep Plus Long 12-mm Cannula and Dilator through the sleeve (Figures 4 and 5) . The stay sutures on the posterior fornix were secured around the loops on the cannula head to prevent dislodgment. This port facilitated the introduction of the Endo GIA Universal Stapler and reloads as well as standard laparoscopic (graspers) and LigaSure instruments (all from Medtronic-Covidien). A medial-to-lateral approach was used for the right hemicolectomies. A right-side-up position was used to allow the ASA, American Society of Anesthesiologists.
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small bowel to drop away from the ascending colon. The most superior grasper (Teleflex Clutch or mini-laparoscopic grasper) was used to retract the mesenteric border of the mid ascending colon, to expose the right colic vessels. These were cleared near the origin with hook diathermy, then transected with an Endo GIA white (2.5 mm) vascular stapler (Medtronic-Covidien). The plane between the right mesentery and retroperitoneum was then developed, and the ileocolic vessels were followed to the distal ileum, dividing the mesentery with a combination of diathermy and LigaSure. The right branch of middle colic vessels was then separated with LigaSure, dividing the mesentery to the proximal transverse colon.
The greater omentum was dissected from the proximal transverse colon with LigaSure. A lateral mobilization was performed with a combination of diathermy and Ligasure dissection, taking down the hepatic flexure. Upon complete mobilization of the right colon, the distal ileum and proximal transverse colon were each divided with a 60 ϫ 3.5-mm stapler. After transection of each end of the resected bowel, the 2 limbs to be joined were aligned side by side with a continuous seromuscular absorbable 3-0 V-Loc suture (Medtronic-Covidien). An enterotomy was then made in each limb, and a stapled side-to-side anastomosis was performed, with laparoscopically sutured closure of the enterotomies using 3-0 15-cm V-Loc absorb- For specimen extraction, an extra-small Alexis wound-protecting retractor (Applied Medical) was inserted into the posterior colpotomy by grasping the lip of the internal part of the retractor ring with a laparoscopic Babcock grasper alongside an S-retractor which had been already inserted into the colpotomy. The 12-mm Versaport was then inserted through the Alexis wound retractor, sealing the CO 2 leak by hand. This method made insertion of the laparoscopic Babcock into the pelvis easier for specimen grasping. Specimen extraction was performed with ease in all cases and without the use of an endoscopic retrieval bag (Figure 6 ). The posterior colpotomy was closed with interrupted 0 Vicryl full-thickness sutures in each case. The stay sutures facilitated good exposure for placement of the closure sutures. No peritoneal drains were inserted. The linea alba was closed with a 0 Vicryl interrupted suture, and 5-mm incision wounds were closed with interrupted 3-0 Monocryl (Ethicon) sutures. The minilaparoscopic or needlescopic wounds did not require suturing and were closed with adhesive tape. Each of the 4 patients was cared for by using Enhanced Recovery After Surgery (ERAS) principles, 10 which allows a light ward diet as tolerated on the same day of surgery, removal of the urethral catheter on day 1 after surgery, and a graduated reduction in intravenous fluid support balanced against oral intake.
RESULTS
No recruited patients were later excluded because of inability to gain transvaginal access. All patients passed flatus on day 1 after surgery and had bowel action by day 2 or 3. None developed an ileus, and only the 88-year-old patient failed her initial trial of voiding, but was successful on the second attempt. All patients were comfortable on oral analgesia alone from day 1, typically with regular paracetamol (acetaminophen) supplemented with oxycodone on request. None required parenteral narcotic analgesia from day 1 onward, and no discharge medications were provided for Patient 4 who went home on day 2 after her right hemicolectomy.
Patient characteristics are summarized in Table 1 , and tumour characteristics are summarised in Table 3 . All tumors in patients undergoing right hemicolectomy were located in the ascending colon. The tumor in Patient 3 was at the splenic flexure. This patient underwent a segmental resection. Three of 4 patients had undergone abdominal surgery. Notably, 2 patients had undergone open surgery (1 cholecystectomy and 1 appendectomy for perforated appendicitis). Intra-abdominal adhesions were encountered in both patients, necessitating adhesiolysis, which did not significantly prolong the operative time. Two patients had undergone laparoscopic pelvic surgery.
Operative detail, postoperative recovery, and outcome data are summarized in Table 2 . Transvaginal access was easily achieved in all cases. The mean duration of laparoscopy was 171 minutes, which included a combination of right hemicolectomy and laparoscopic cholecystectomy in Patient 1. Mean length of stay was 3 postoperative days for the right hemicolectomies. [2] [3] [4] All patients passed flatus within 2 days and opened their bowels by day 3.
No vaginal morbidity or pelvic organ injury was observed in any of the cases. Urinary retention in the 88-year-old patient required catheterization for 24 hours. In the same patient, who had very poor tissue strength, rectal bleeding occurred on postoperative day 7 which required transfusion of 2 units of packed blood cells. Cosmetic outcomes are shown in Figures 1-2 .
DISCUSSION
The recovery of all 4 patients was notable for minimal analgesia requirements from day 1 after surgery and rapid progression to passage of flatus. The length of stay of the patients who underwent right hemicolectomy dropped sequentially from 4 to 3 d , then to 2 d after surgery, partly reflecting the increasing confidence in early discharge with experience. Although this was not a randomized comparative study, the minimal analgesia requirements, early return of bowel function and length of stay were well within the norms for this procedure compared with published data, 11 and favorable compared with the author's anecdotal institutional experience. A randomized trial between conventional laparoscopic and hybrid transvaginal NOTES right hemicolectomy would be valuable in addressing these questions and should address not only the cost of healthcare delivery but also quality of life and patient satisfaction measures.
It is worth noting the different focus on recovery by comparing Patients 1 and 3. Patient 1 was a fit 45-year-old woman who was eager to return to her sport (rowing) after her surgery, whereas Patient 2 was an 88-year-old woman with exceedingly thin abdominal wall tissues (as little as 1.8 mm on computed tomographic scan), who represented a group of patients at very high risk of wound dehiscence or incisional hernia from a laparotomy or extended laparoscopic incision for abdominal wound extraction (Figure 3) . Both of these patients only had one 5-mm abdominal (umbilical) port. Patient 1 was able to return rapidly to normal activities, and the risk of abdominal wall complications was potentially averted in Patient 2. Notably, the frail 88-year-old patient returned to independent living in her own home, without any wound-related morbidity.
As shown in Table 2 , a combination of minilaparoscopic 3.5-mm (Karl Storz) and 5-mm ports, as well as needlescopic portless graspers (Teleflex Clutch), was used in various combinations. In the 2 cases where the Teleflex MiniLap Clutch was used as a tissue grasper, it was found to be effective, whether in combination with the Karl Storz instruments (Patient 1) or with the standard laparoscopic instruments (Patient 4). In Patients 2 and 4, Karl Storz minilaparoscopic 3.5-mm instruments were used for all transabdominal grasping, dissecting, and anastomotic suturing and were found to be effective in all these roles.
Although no statistically significant conclusions can be drawn, the operative time and morbidity rates of our small series are comparable to those of the literature for conventional laparoscopic colonic resection. 12, 13 Notably, Patient 3 was an elderly woman who underwent a palliative segmental resection of a splenic flexure tumor, rather than an extended right hemicolectomy, in view of advanced age, poor tissue strength, and comorbidities. As a result, lymph node yield was expected to be low in this nononcological resection. Patient 4 had a full oncological resection despite her benign histology, yet had an unexpectedly low lymph node yield. Her specimen had been sent to another pathology service because of unavailability of the institution's usual pathologist.
The transvaginal route for NOTES offers advantages for colonic resections. Large specimens can be extracted without the need for a potentially large abdominal incision. Because of the elasticity of the vagina, successful transvaginal extraction of specimens up to 19 cm in size have been reported in the literature-commonly up to 10 cm diameter, via posterior colpotomy. 9,14, 15 Transvaginal NOTES appears to be the most advantageous route for colonic resections where transanal extraction would require a separate rectal colotomy, particularly for right hemicolectomy (or extended right hemicolectomy) and including limited resections in this territory.
Evidence suggests a significant reduction in postoperative pain when the transvaginal route is used. The posterior fornix of the vagina has relatively little innervation, and reduced postoperative pain scores and analgesic requirements have been demonstrated in randomized, controlled trials of transvaginal NOSE versus conventional transabdominal specimen extraction. 16, 17 Studies comparing cosmetic outcomes of transvaginal and transabdominal specimen extraction have shown superior patient satisfaction with the transvaginal approach. 18, 19 The transvaginal NOTES approach does not carry the same concerns of opening hollow organs (stomach, rectum, bladder) that other NOTES techniques engender, and should be considered separately from those.
Rates of morbidity relating to transvaginal access appear acceptable. Possible local vaginal complications include bleeding, vaginal infection, herniation, and organ injury. Such complications range from 0 to 8% in the reported gynecologic literature and are most commonly vaginal infections treated with oral antibiotics. 15, 20, 21 The risk of herniation of abdominal contents after posterior colpotomy appears very low. It has not been reported in any of the larger gynecologic case series or more contemporary NOTES trials. 15,17,20 -22 Despite concerns regarding bacterial seeding of the abdominal cavity by opening a natural orifice, infection rates appear comparable to those of the transabdominal approach, and no strong evidence from bacteriological studies supports these fears. Impact on female sexual function is worthy of strong consideration. Postoperative dyspareunia is reported in 0 -6.3% of patients after transvaginal NOTES, 23 but randomized trials have shown no difference in the incidence of dyspareunia or return to sexual activity compared with transabdominal laparoscopic procedures. 18,24 -26 While injury to the rectum, bowel, pelvic organs, or vasculature with insertion of instruments via vaginal access ports is possible, the risk appears negligible if the procedure is always performed under direct laparoscopic vision.
The posterior fornix approach to the pelvis has a long and safe history in gynecology, and any resistance among colorectal or general surgeons to using this technique may reflect a lack of exposure during training. Despite the pioneering work of Bergamaschi et al. 27 with colonic intracorporeal anastomosis, colorectal anastomoses are still frequently performed extracorporeally. In this regard, it is worth noting that upper gastrointestinal and bariatric surgeons routinely use totally intracorporeal anastomotic techniques. Cross-pollination between specialties can only increase the broader skill set of all concerned.
The purpose of our small observational case series was to explore the potential advantages of hybrid NOTES colonic resections over other techniques with respect to right hemicolectomy. In this context, hybrid NOTES has the potential for a compounding beneficial effect on patient outcomes. These include reducing surgical trauma, associated pain, and narcotic requirements; (2) improving cosmesis; (3) increasing the uptake of natural orifice surgery; and (4) cost savings. Surgical trauma can be reduced by the use of the transvaginal port for mobilization, pedicle ligation, and totally intracorporeal anastomosis, in addition to specimen extraction, thereby facilitating a reduction in the size and number of transabdominal ports required. In our series, the hybrid NOTES approach allowed the use of transabdominal ports of a maximum of 5 mm, compared to the conventional transabdominal approach, which requires at least one 12-mm port. Only 3 small transabdominal incisions were needed in all cases. Pure NOTES procedures rely on dedicated, costly instruments and platforms to be performed safely and effectively.
Training of the surgeon is arduous, and similar training requirements are placed on surgical assistants and operating theatre staff. The use of standard laparoscopic rigid instruments in hybrid NOTES avoids the need for experience with, and access to, the articulating instruments necessary for pure NOTES procedures, perhaps broadening the access to NOTES among minimally invasive surgeons.
The use of minilaparoscopic and needlescopic instruments in our case series helps to demonstrate their utility in laparoscopic colorectal surgery. Conversion to standard laparoscopic instruments was not required in any of our cases, and our mean operative time was comparable to that of conventional laparoscopic colectomy in the published literature. 12 The benefits of minilaparoscopy include reduced postoperative pain and improved cosmesis, which have been evaluated in several comparative studies, predominantly with regard to cholecystectomy. A trend toward reduced postoperative pain has been shown in comparative studies. 28 -31 Statistical significance, however, has not been shown. Comparative studies evaluating cosmetic outcomes have shown similar findings. 31 Carvalho et al. 32 also make note of the lack of uniformity of positive results among those trials showing a trend toward reduction in postoperative pain. Some systematic reviews have concluded that, while the proven benefit on postoperative pain and cosmesis remains marginal, further evaluation to quantify the potential advantages in still needed. 33, 34 The largest wound is likely to be the leading contributor to abdominal wall pain, therefore, where minilaparoscopy has been performed in cases where a wound has been extended for specimen extraction, the benefits of the other minilaparoscopic ports may be less apparent. It stands to reason, therefore, that the benefits of smaller size and number of abdominal ports are more likely to be demonstrated if the intra-abdominal dissection and technique are performed as atraumatically as possible, with no extension of abdominal wounds by virtue of the naturalorifice access.
